Summary. Rat islets of Langerhans were maintained for 2 days in tissue culture. Following the culture period, the insulin secretory responscs of the islets on incubation in bicarbonate medium were measured. The enkephalin analogue D-ala 2, MePh&, Met(0)-ol (DAMME), 8.3x 10 -8 mol/l, augmented insulin release stimulated by glucose (5 or 7 mmol/l) by 76% and 47% respectively; increased insulin release stimulated by a-ketoisocaproate (7.5mmol/l) by 23%; and enhanced insulin release in the presence of glibenclamide (10 ~tg/ml) plus glucose (3.3 mmol/1) by 38%. Insulin release in the presence of glucose at 2 or 12mmol/1 was not affected by DAMME (8.3X 10 -8mol/l). The potentiatory effect of DAMME on insulin release in the presence of glucose (5 mmol/l) was blocked by naloxone (1 1 ~tmol/1): naloxone alone did not affect glucose-stimulated insulin release. A high concentration (3.3x 10-6mol/1) of DAMME did not modify glucosestimulated insulin release. Inhibition of glucosestimulated insulin release by trifluoperazine, an inhibitor of calmodulin, was not overcome by DAMME. Insulin secretory responses were not enhanced by exposure of the islets to DAMME (8.3• during the culture period. It is concluded that insulin release from isolated islets is capable of being influenccd by an opioid peptide.
Studies on identical twins [1, 2, 3] have suggested that non-insulin dependent diabetes is predominantly inherited and it has been reported to be strongly associated with chlorpropamide alcohol flushing [4] . It has been suggested that the latter may be due to sensitivity to enkephalin [5] and it has been proposed [5, 6, 7] that enkephalin and other opioid peptides could play a role in the aetiology of non-insulin dependent diabetes. Opioid peptides have been shown to influence the secretion of several pituitary hormones [8-ll] and the presence of immunoreactive enkephalin [12] and endorphin [13, 14] in the pancreatic islets has been demonstrated. Studies using the perfused dog pancreas [15] and rat islets [16, 17] have provided evidence that opiates can influence the secretion of the endocrine pancreas. In man, however, administration of an enkaphalin analogue [18] or of the opiate antagonist naloxone [1 1] did not influence the serum levels of insulin or glucagon despite changes in the levels of several other hormones. In the present study we have examined the effects of the enkephalin analogue D-Ala 2, MePhe 4, Met(0)-ol (DAMME) on insulin release from pancreatic islets of the rat in response to glucose, a-ketoisocaproate and glibenclamide.
Materials and Methods

Materials
Tissue culture medium RPMI 1640 containing 11 mmol/l glucose, was obtained from Gibco (Europe), Paisley, Scotland. Collagenase (Type 1) was from Sigma Lxmdon, Poole, U.K. ~25I-insulin (50 p.Ci/p.g) was from thc Radiochemical Centre, Amersham, U.K. Anti-insulin serum and foetal calf-serum were obtained from Welleome Reagents, Beekenham, U. K. Naloxone was from Winthrop Laboratories, U.K. DAMME was a gift from Sandoz Products, Feltham, U. K. Other chemicals were from British Drug House, Poole, U. K.
Preparation of Islets
Islets were obtained from the pancreases of fed Wistar rats maintained on a standard laboratory diet (PRM, E. Dixon & Sons, Ware), by a collagenasc method [19] .
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Islet Culture
Prior to measurements of insulin release, islets were maintained in culture for 2 days at 37 ~ in RPMI 1640 containing glucose 11 mmol/1, penicillin (150units/ml), streptomycin (0.5mg/ml) and calf serum (10%) in an atmosphere of 95% humidified air: 5% CO:. Groups of 55 islets were kept in sterile Petri dishes (Sterilin) containing 5 ml culture medium.
Insulin Release
Following the culture period, batches of 5 islets were incubated for 2 h at 37 ~ in bicarbonate medium pH 7.4 [20] containing albumin (2 mg/ml) and other additions as stated in the text or tables. Insulin released into the medium was measured by a charcoal radioimmunoassay as previously described [21] .
Treatment of Results
Results are given as mean _+ SEM for the number of batches of islets stated. The data given are the tx)oled results from the number of separate islet preparations indicated: the number of rats used for each series of experiments is also given. The probability of no real difference between experimental and control groups was assessed by the two-tailed Student t-test and by the non-parametric Mann-Whitney U-test [221.
Results
The effects of DAMME (8.3 • 10 -s mol/I) on insulin released in the presence of different concentrations of glucose are shown in Table 1 . DAMME did not significantly affect basal insulin release in the presence of 2 mmol/l glucose nor the near-maximal rate of release seen with 12 mmol/1 glucose. However at intermediate glucose concentrations (5 or 7 mmol/l), DAMME significantly increased insulin release by 76% and 47% respectively. Insulin release in the presence of 5 mmol/l glucose was also increased 50% by 1.7 x 10 -~ tool/1 DAMME but the much higher concentration of 3.3x10-rmol/1 did not significantly affect insulin release (release with DAMME 3.3 x 10 -6 mol/l, and glucose 5 mmol/l, was 112 +_ 9% of that seen with 5 mmol/l glucose alone: data for 20 batches of islets from 10 rats). The effects of DAMME on insulin release stimulated by aketoisocaproate or glibenclamide are also shown in Table 1 . a-Ketoisocaproate (7.5 mmol/1) increased insulin release sevenfold: the response to aketoisocaproate was significantly enhanced by 8.3 x 10 -s mol/1 DAMME. In the presence of 3.3 mmol/l glucose, glibenclamide (10 ,ttg/ml) increased insulin release tenfold. DAMME (8.3• 10 -8 mol/l) further augmented the response to glibenclamide by 38% but was without effect on the release with 3.3 mmol/l glucose alone. The increase in insulin release at 5 mmol/l glucose elicited by DAMME (8.3• was blocked by naloxone |.1 x 10 -s mol/1 ( Table 2 ). In the absence of DAMME, naloxone did not affect insulin release. When insulin release in response to Experimental details were as for Table 1 . The numbers of separate islct preparations and rats used for the two experimental series were as follows: lines 1-4, 4 preparations, 8 rats; lines 5-8, 3 preparations, 6 rats glucose (7 mmol/l) was inhibited by trifluoperazine (2 X 10 -5 tool/l), DAMME had no stimulatory effect (Table 2 ). In one series of experiments, islets were cultured for 3 days in the presence or absence of DAMME (8.3 x 10 -8 mol/l). Insulin release in response to glucose, a-ketoisocaproate and glibenclamide was then measured for both groups in the absence of DAMME. The secretory responses to glucose (5 mmol/l) and a-ketoisocaproate (7.5 mmol/1) were unaffected by prior culture of the islets with DAMME whereas the response to glibenclamide was lower in the islets that had been cultured with DAMME than in the control islets (113 4-6 vs. 166 _+ 18 ~tU/islet/h: n = 15, p <~ 0.05).
Discussion
The pentapeptide enkephalin (Tyr-Gly-Gly-PheMet) forms part of the sequence of the larger peptide B-endorphin which itself constitutes the last 31 residues of B-lipotrophin [23] . Since natural metenkephalin is quickly inactivated, the present studies have been carried out with the more stable analogue DAMME (Sandoz FK33-824). Significant effects of this analogue were found on insulin relca~ with concentrations ranging from 1.7-8.3x 10 '~mol/l (10-50ng/ml). With glucose as the stimulus, the effect of DAMME was to increase the insulin released in response to glucose concentrations above the threshold but below maximally stimulating concentrations. This response to DAMME was blocked by the opiate antagonist naloxone, suggesting that it is mediated by specific opiate receptors. The fact that naloxone alone did not affect insulin release in the presence of 5 mmol/l glucose argues against effects of endogenous opiates persisting in the isolated islets but does not exclude a role for such activity in vivo. The possibility that locally secreted enkephalin may modulate insulin release in vivo is supported by the demonstration of enkephalin-like immunofluorescence in islet cells [12] .
Both a-ketoisocaproate and glibenclamide stimulate insulin release by mechanisms distinct from the fl-cell glucoreceptor. Hence the fact that DAMME also potentiated insulin release in the presence of these agents suggests that the effect involves modification of a fundamental step in the release process itself, common to these agents and glucose, rather than being exerted on signal recognitition. The effect of DAMME appears to be dependent on the normal function of Ca 2+ as a trigger for exocytosis; it was blocked by trifluoperazine which is suggested to interfere with insulin release by inhibiting the interaction of Ca 2 ~ with the calcium receptor protein calmodulin [24] .
Other reports of effects of opiates on insulin release have been published. Thus enhancement of insulin release from perfused dog pancreas by B-endorphin (5.4 X 10-8 mol/l) and morphine (2x10 -6mol/l) in the presence of glucose (5.5retool/l) plus arginine (10mmol/l) has been reported [15] : however these authors did not state whether the response to glucose alone was also modified. On the other hand, using neonatal rat pancreatic monolayer cultures, although morphine (2x10-Smol/l) enhanced insulin release in the presence of glucose (5.5mmol/l) plus arginine (10 mmol/1), enkephalin (1.2 x 10 -6 mol/l) inhibited insulin release under the samc conditions [16] . In the same study, the insulin secretory response to 16.7 mmol/1 glucose was progressively inhibited by leucine-enkephalin, by methionine-enkephalin and by D-alaZ-leucine-enkephalin over the concentration range 2 • 10 -8 to 2 • 10 -6 mol/l. These inhibitory actions of enkephalins are apparently at variance with the results of the present study in which stimulation of insulin release by an enkephalin was observed. However, there are many methodological differences between the two studies including 1) the use in [16] of a pancreatic monolayer culture instead of adult rat islets; 2) measurements of insulin release were performed in culture medium containing amino-acids and calf serum in [16] but in a simple bicarbonate-buffered medium in our study; 3) the use here of a different enkephalin analogue from those used in [16] . In agreement with our findings, an enhancing effect of DAMME on glucose-stimulated insulin release was reported, while this manuscript was in preparation, by Green et al. [17] who showed that DAMME (10 -1~ to 10 -s tool/l) enhanced insulin release from rat islets stimulated by glucose (8 mmol/1); the effect was blocked by naloxone. The response to DAMME (1.6 • 10 -8 mol/1) was shown in perifusion experiments to be rapid and monophasic.
Since B-endorphin decreased somatostatin release from perfused dog pancreas [15] , it was suggested that the action of B-endorphin on insulin release was mediated by a primary action on the somatostatin-secreting D-cells. Such a mechanism could underlie the effect of DAMME reported here. Locatisation of enkephalin receptors to particular islet cell types could provide further insight.
The observation of a stimulatory effect of DAMME on glucose-stimulated insulin release was critically dependent on both glucose and DAMME concentrations: at a high concentration of DAMME (3.3 • 10 -6 tool/l) no effect on insulin release was observed. This observation is consistent with the data of Green et al. [17] who found that 10-6mol/1 DAMME did not stimulate insulin release in the presence of 8 mmol/1 glucose; 10 -5 mol/l DAMME inhibited glucose-stimulated insulin release. This may underlie the failure to detect changes in insulin release in normal man given intravenous DAMME [18] or naloxone [11] , although equally the concurrent changes in blood levels of many hormones and metabolites may have obscured any effect on insulin.
The stimulatory effect of DAMME was observed in short-term incubations of islets. The secretory behaviour of such islets has been found to be profoundly influenced by the presence in the culture medium of hormones including growth hormone [25] and glucocorticoids (unpublished observations) during the culture period. It was therefore of interest to assess the effect of long-term treatment of the islets during a 3-day culture period with DAMME. However the insulin secretory responses were not enhanced by this treatment and, indeed, the response to glibenclamide was somewhat impaired.
The present studies thus confirm that insulin secretion is capable of being acutely modified by opioid peptides, although the mechanisms involved remain unknown, and provide some support for the hypothesis that an altered sensitivity to opioid peptides may be causally related to the development of non-insulin dependent diabetes [5, 6] . Direct evidence for this hypothesis is still lacking.
